Ghorkhod Protected Area (GPA) is located in a transitional zone among different biogeographical units in North Khorassan Province, NE Iran. The study area is mainly a mountainous region in western extensions of Khorassan-Kopet Dagh floristic province. We investigated the floristic composition, life form spectrum and phytogeography of the study area through several random collection efforts and 200 vegetation samples ( (12) are the richest ones, however, the majority of the species belongs to oligotypic and monotypic genera. Life form spectrum of the study area is dominated by hemicryptophytes (38.9%) and therophytes (23.4%). Allium transvestiens Vved., Agropyron desertorum Schult., Helictotrichon turcomanicum Czopanov and Piptatherum latifolium (Roshev.) Nevski are recorded as new to Iran. The core flora of the area has the Irano-Turanian origin. However, the widerange and widespread elements are also well represented in the study area. GPA is inhabited by several endemic, rare and narrow-range plant species, indicating the biodiversity importance of the study area in NE Iran.
Introduction
Iran comprises ca. 7300 vascular plant species (Akhani 2006 ) in 1.65 million square kilometer surface area and is the second richest country of plant diversity in SW Asia after Turkey (Davis et al. 1994) . The rich flora of Iran is the consequence of the phytogeographical position of Iran among three main floristic regions of the Old World, including Irano-Turanian, Euro-Siberian and Saharo-Sindian, and influencing by Mediterranean and Somalia-Masaei species (Zohary 1973; Léonard 1988 Léonard , 1993 Akhani & Deil 2012) . The mountains and foothills of northeastern parts of Iran belong to Khorassan-Kopet Dagh floristic province of the Irano-Turanian region. Floristic composition of the area is mainly influenced by Central Irano-Turanian desert plants from south and southwest as well as many local and regional endemic taxa exclusively originated in Khorassan-Kopet Dagh foothills and mountains and also by many widespread species. The area is partly enriched by the flora of surrounding Central Asian, Afghanistan, and the Aralo-Caspian regions, and also the Hyrcanian elements belonging to the Euro-Siberian region. The biogeographic importance of the area was evaluated as a separate biogeographical province of the Irano-Turanian region because of a large number of endemic species in the Khorassan-Kopet Dagh area (Kamelin 1970; Fet 1994; Memariani et al. 2016b) .
The western part of Khorassan-Kopet Dagh in Iran is mainly located in North Khorassan Province and partly in the eastern parts of Golestan Province. The area is one of the main corridors where different phytogeographical units meet together and create a distinctive plant diversity. Golestan National Park (GNP) located in this transitional zone is known as the richest plant area in Iran and SW Asia (Akhani 1998) . The park exhibits a diverse mosaic of vegetation units including the Hyrcanian low-to high-altitude mesophytic forests, shrublands, open and closed scrubs sometimes mixed with C 4 -grasslands, Juniperus woodlands, montane steppes and meadows, Artemisia and Artemisia-Stipa The area is located in Irano-Turanian xeric-continental bioclimatic zone of Khorassan-Kopet Dagh (Djamali et al. 2011) , with the highest precipitation from late autumn to early spring with a summer drought. However, due to its transitional position, the climate of the area drastically changes from west to east and from south to north. The southern plains of the area have the least annual precipitation (178 mm in Robat-e Qarehbil). Based on the vegetation of the area, the higher elevations in the north and eastern parts mainly covered by Juniper woodlands, receive more precipitation up to 350 mm. Northern humid valleys of Ghorkhod Mount, such as Zu-e Jannan and Kastan valley, may have much more precipitation up to 450 mm, where some patches of Hyrcanian scrub forests occur in deep valleys. There is a considerable snow fall during late autumn and winter at higher elevations of Ghorkhod Mount. The southern low plains have the highest averages of minimum and maximum monthly temperatures (-8.5 and 33.8°C in Robat-e 
Phytogeography
A considerable number of species (59.8%) in the area belong to Irano-Turanian floristic region (Table 3) . Wide-range species including Tri-regional (13.1%) and Bi-regional (12.6%) elements make a remarkable proportion of the flora followed by widespread ones (11.0%), i.e. pluri-regional, sub-cosmopolitan and cosmopolitan species. The EuroSiberian species have the least frequency (3.3%) in the phytogeographical spectrum of the area. The main chorotypes among Irano-Turanian (IT) elements are widespread IT (12.4%), Central IT (10.3%) and IT elements endemic to Khorassan-Kopet Dagh (KK) floristic province (10.0%) (Table 3) . Fourty-four species (6.6%) are Iranian endemics; however, there are 116 subendemic or regional endemic taxa (17.5%) in the study area occurring mainly in Iran and one or both of adjacent countries, i.e. Turkmenistan and Afghanistan, or they are Hyrcanian endemics. Cousinia edmondsonii Rechinger (1972: 321) is the only known local endemic of the area. Anabasis firouzii Akhani in Akhani et al. (2016: !!!) , Linaria golestanensis Hamdi et al. (2006: 252) , Festuca akhanii Tzvelev (1997: 118) , Diaphanoptera stenocalycina Rechinger & Schiman-Czeika (1988: 334) , Atraphaxis intricata Mozaffarian (2006: 107) , Asperula oppositifolia subsp. rechingeri Ghahremaninejad et al. (2006: 208) and Allium aladaghense Memariani et al. (2012: 29) are very narrow endemics that occur also in neighboring GNP in the west and Aladagh mountains in the east of the study area.
Discussion
This study documents the occurrence of 663 species, 367 genera and 81 families of vascular plants reflecting the high plant diversity within a limited area. This is mainly due to the transitional position of the area among different bioclimatic zones of Khorassan-Kopet Dagh floristic province, Central Iranian deserts of Irano-Turanian region and the Hyrcanian province of Euro-Siberian region, as well as a high habitat and topographic heterogeneity, and vegetation types (Figures 2, 3) . Keshtkar et al. (2011) recorded 196 species mainly from more accessible parts of GPA, which reflect only a minor part of the rich transitional flora of the area. We estimate the plant species richness of the area to be around 700-750 by extending the study to the moist and deep valleys of central parts for native and rare plants and also taking into account ruderal and weedy species around rural settlement places. Based on available information, the presence of 663 species in GPA and 1364 species in adjacent GNP shows a biotope richness and biodiversity importance of two adjacent protected areas (Akhani 1998; Akhani 2005 . The Jahan Nama Protected area is another species-rich protected area in NE Iran, with known 607 species (Jafari & Akhani 2008) . The floristic diversity of GNP and JPA is much influenced by the Hyrcanian montane forests. In total 1596 species are known from three protected areas in NE Iran. Figure 5 shows the Venn diagram of all species occurring in these three regions. Common between these three areas are 259 species. GPA and GNP have the highest floristic affinity with 554 common species; however, there are 109 species in GPA which have not been recorded from GNP. The species common between GPA and JPA are much less (269 species). For protection practices, we highly recommend the integrated management of these protected areas and their adjacent regions such as Aladagh Mts., Zav and Loveh protected areas and the protected wetlands in Turkman Sahra. Golestan National Park, GPA: Ghorkhod Protected Area, and JPA: Jahan-Nama Protected Area. The floristic composition of the area shows the dominance of Angiosperms and a 4:1 ratio of Dicots (77.5%) to Monocots (21.0%) which is typical of Iranian and Middle Asian floras (Kamakhina 1994) . Although Gymnosperms have a minor contribution (0.9%) to the floristic composition, they play a major role in the vegetation of the area as extensive Juniperus polycarpos woodlands and partly as J. communis-J. sabina scrubs. Pteridophytes (4 species, 0.6%) is the least diverse group which reveals drier conditions of the area compared with GNP where more diverse pteridophytes (20 species, 1.5%) have been recorded (Akhani 2005) . Asteraceae, mainly with xerophytic species, is the most contributing family to the flora of GPA. Poaceae is the second species-rich family in the area, and finding three new grasses for Iran in different habitats of the area partly indicates the role of habitat diversity as well as welldeveloped soils in the species richness of grasses (Figure 2 c-g ). Fifteen families (each with more than 10 species) make about 75% of the flora (Table 1 ). There are only 20 polymorphic genera with more than 4 species, and the majority of genera are monotypic or oligotypic (Table 2) . The life form spectrum demonstrates the ecological adaptations of the flora. The majority of the species (258 species, 38.9%) are adapted to cold semi-arid conditions as hemicryptophytes followed by therophytes (155 species, 23.4%) adapted to arid habitats through annually completing their life cycle. A relatively high number of geophytes (101 species, 15.2%) protect their growing buds against harsh winters within bulbs, corms, tubers or rhizomes. Chamaephytes (95 species, 14.3%), mainly as thorn-cushion forms or small shrubs, belong to the middle and higher mountain steppes. Although phanerophytes (54 species, 8.2%) are the least diverse life forms, trees and shrubs play a great role in the plant diversity and vegetation of woodlands and scrub forests of the area.
The core flora of the area has the Irano-Turanian origin and is considerably affected by the wide-range and widespread elements (Table 3 ). The penetration of Euro-Siberian (mainly Hyrcanian and Euxino-Hyrcanian) species to the area and the reduction of Khorassan-Kopet Dagh (KK) endemics down to 10% (compared to 14% endemism throughout the KK; Memariani et al. 2016a ) point out the transitional position of the area. The high rates of regional endemic and Iranian endemic plants (total 24.1%) are evidences of high conservational importance of GPA (Figure 3) . Moreover, several species, such as newly recorded ones in this paper, grow in their extreme range extent and they are rare or have restricted populations in the area (Appendix I). Among these plants are thirteen new plant records for the flora of Khorassan provinces: Allium lenkoranicum Misczenko ex Grossheim (1927: 18) , Artemisia chamaemelifolia Villars (1779: 32), Astragalus nubicola Podlech (2004: 570) , Onobrychis gaubae Bornmüller & Gauba (1935: 114) , Salvia pachystachya Trautvetter (1868: 462) , Elymus caucasicus (Koch 1848: 413) Tzvelev (1976: 175) , Piptatherum platyanthum Nevski (1937: 336) , Secale montanum Gussone (1825: 145) , Stipa bromoides (Linnaeus 1767 : 30) Dörfler (1897 , Rumex obtusifolius Linnaeus (1753: 335) , Consolida teheranica (Boissier 1867: 85) Rechinger (1941: 376) , Nigella nigellastrum (Linnaeus 1753: 425) Willkomm & Lange (1880: 963) and Ranunculus polyanthemos Linneaus (1753: 554). Some noteworthy and recently discovered new plant records or recently described species from adjacent GNP (Matin 1991; Akhani 1996 Akhani , 1999 Akhani & Scholz 1998; Tzvelev 1997) , Aladagh mountains (Memariani et al. 2012; Ghahremaninejad et al. 2006) and Hezar Masjed mountains (Amirabadizadeh 2011 ) are recorded for the second time including Allium dictyoscordum Vvedensky (1935: 236) , Cousinia leucantha Bornmüller (1911: 1) , Cleistogenes serotina (Linnaeus 1762: 425) Keng (1934: 149) , Festuca akhanii, Allium aladaghense, Asperula oppositifolia subsp. rechingeri and Hedysarum monophyllum Borisova (1947: 81) .
Based on our original data (Memariani et al. 2015a) , several threatened endemics of Khorassan-Kopet Dagh occur in the flora of GPA: two Critically Endangered species including Allium transvestiens (Figure 2a,b) and Cousinia edmondsonii (Figure 3a) , nine Endangered taxa including Allium aladaghense, Cousinia platyacantha Bunge (1865: 37) , Klasea leptoclada (Bornmüller & Sintenis in Bornmüller 1911: 5) Martins in Martins & Hellwig (2005: 635) (belongs to the monotypic Klasea sect. Nikitinia (Iljin 1960: 356) Martins (2006: 459) , which is endemic to KK), Diaphanoptera stenocalycina (Figure 3c ), Anabasis firouzii, Stachys subaphylla Rechinger (1980: 288) , Helictotrichon turcomanicum (Figure 2e ), Asperula oppositifolia subsp. rechingeri and Linaria golestanensis (Figure 3f ). Moreover, twenty-four species are Vulnerable and there are rather eight Near Threatened endemics of KK in the area (Appendix I). Cousinia qarehbilensis Rechinger (1979: 131) was known only from the type locality on sandy clay plains around Robat-e Qarehbil village in southwest of the area. Our several re-collection efforts in this study, and also previous works (Akhani 1998) were not successful to find it. For this reason, this species is probably Extinct in the area or its type specimen may have a hybrid origin.
Although GPA is inhabited by many endemics and regionally rare plants in exceptionally diverse vegetation types, natural habitats of the area have been continuously threatened and diminished by several factors in the last decades. Rural settlements around and within the area, hence over-grazing, tree-cuttings, fire, land conversion through extending the agricultural fields and road construction, gathering medicinal plants, excessive recreation and climbing, as well as climatic aridization are among the main threats to the biodiversity of the area. Concerning the geobotanical importance of the area, more effective protection practices are needed to conserve its unique vegetation and plant biodiversity.
In conclusion, we suggest an integrated management of GNP, GPA, JPA and other intermingled and neighboring areas such as Miankaleh, Loveh, Zav and Abr Protected Areas, Chelcheli and Gomishan Wildlife Refuge, and three Ramsar protected wetlands including Alagol, Ajigol and Almagol, to form a new UNESCO World Natural Heritage site. These systems include Caspian Sea coasts, Caspian lowland and montane forests, halophytic and aquatic vegetation, various types of woodland, shrub and steppe vegetation, the relict Thuja orientalis stands, very diverse fauna, and a very rich cultural and historical diversity. To realize this, we strongly recommend the authorities to retour the destructive road passing in the center of Golestan National Park and plan a management program for a wide range of protection and eco-touristic purposes.
Appendix I. Checklist of vascular flora of Ghorkhod Protected Area. Life forms: Ph (phanerophyte), Ch (chamaephyte), He (hemicryptophyte), G.b (bulbous geophyte), G.t (tuberous geophyte), G.r (rhizomatous geophyte), G.p (parasitic geophyte) and Th (therophyte). Chorotypes are according to Akhani (1998) , for abbreviations see Table 3 ; regional endemics are marked by one, and Iranian endemics by two asterisks. Habitat characterization: MF (Hyrcanian montane forest/scrub, mainly composed of Carpinus orientalis), SS (successional scrub communities including Acer monspessulanum, Crataegus spp. and Paliurus spina-christi scrubs), JW (Juniperus polycarpos woodland), JS (Juniperus communis-J. sabina scrub), RC (rock and cliff communities), MM (mountain meadows), MS (mountain steppes, mainly with thorn-cushions and grasses), AS (Artemisia and Artemisia-Stipa steppes), HC (halophytic communities), GH (gypsum and marl hills), AH (aquatic and hygrophilous communities along rivers and streams), WR (weed and ruderal communities). Population status (based on Akhani 2015): 1 = very rare (found only once with one or few individuals in one locality), 2 = rare (found with more than 2 to 10 individuals in a few localities), 3 = fairly common (found in several places, or in one place with a large number of individuals), 4 = common (rather common in many parts or locally very frequent), 5 = very common (found in many parts of the study area, or forming large communities). Threat categories are given only for those species evaluated globally by Memariani et al. (2016a) for Khorassan-Kopet Dagh endemics and by Akhani 1998 and Akhani & Ghorbanalizade (unpublished) 
